One of the most striking consequences of freshwater acidification is certainly the drastic erosion of biodiversity (see Muniz 1991) . In particular, various studies have shown that acidification leads to the disappearance of numerous macroinvertebrate species (Raddum & Fjellheim 1984 , Guérold et al. 1995 . It has been hypothesized that invertebrates should have the same physiological problems as fish and crayfish, but to date very few studies have attempted to verify this assumption. Because it has been commonly reported that amphipods are among the most acid-sensitive species (Sutcliffe & Carrick 1973 , Guérold et al. 2000 , the aim of this note was to investigate the effect of acidification on mortality, ventilation and hemolymph chloride and sodium concentrations in Gammarus fossarum.
Materials and methods. Organisms: Individuals of the freshwater amphipod Gammarus fossarum were collected in May 2000 using a net in a circumneutral stream (La Maix brook) from the Vosges Mountains (NE France). Only males ranging in size between 10 and 12 mm were used for exposures. In order to acclimate organisms to laboratory conditions, individuals were kept for 7 d in a 15 l polyethylene tank supplied with water from the sampling site (temperature 13 ± 1°C, photoperiod of 14 h of light and 10 h of darkness).
Survival: For this experiment, organisms were exposed to acidic water collected in the Gentil Sapin brook and in circumneutral water from the La Maix brook. Replicates (3) of 9 individuals were exposed in each medium. The chemical composition of each medium is given in tions, an additional 27 organisms were exposed in each medium. After 12, 24 and 48 h of exposure, 3 to 9 organisms (depending on mortality) from each medium were collected and pleopod beating rates counted before hemolymph sampling. Amphipods (14) were also sampled just before the onset of the exposure (T 0 ). Samples of hemolymph (0.8 to 1.2 µl) were taken from the telson by a microsyringe, transferred in a gauged microcapillary tube and centrifuged for 10 min at 6596 × g. After centrifugation, the liquid phase was diluted in 2 ml of nanopur water in order to determine Cl -and Na + concentrations by ionic chromatograghy (Dionex 4500i equipped with a Ion Pac AS4A column) and atomic absorption spectrophotometry (AAS) (Perkin Elmer Analyst 100), respectively.
Results. After 48 h, the survival of Gammarus fossarum exposed under acidic conditions decreased to 64% (Fig. 1) . The mortality was associated with a significant loss of hemolymph Na + and Cl -and with a modification of ventilation rhythm. As early as 12 h of exposure in acidic water, the mean (± SD) hemolymph Cl -concentration decreased from 79.8 ± 16.2 to 43.4 ± 14.1 mmol l -1 , representing a significant loss of 46% when compared to the initial concentration (Fig. 2a) . Likewise (Fig. 2b) , Na + concentration (59.5 ± 13.7 mmol l . Mean (± SD) hemolymph (a) Cl -or (b) Na + concentrations in Gammarus fossarum exposed to circumneutral (c) and acidic water (ac). Matrices give the significance of statistical comparisons (Mann-Whitney test); n.s.: non significant als exposed to acidic water were significantly different from controls. By contrast, Cl -and Na + concentrations in organisms exposed to circumneutral water did not at any time differ significantly from those recorded at T 0 . The hemolymph Cl -and Na + concentrations continued to decrease after 24 and 48 h of exposure to acidic water. Counting of pleopod beats (Fig. 3) , showed that after 12 h of exposure under acidic conditions, the ventilation rate increased significantly from 205 pleopod beats min -1 at T 0 to 276 pleopod beats min -1 at 12 h. This hyperventilation remained stable after 24 h of exposure and then decreased to below the initial value (178 pleopod beats min -1 ) after 48 h. Discussion. This preliminary study suggests that Gammarus fossarum exposed to low pH, low calcium and high aluminum concentrations suffered from ionregulatory and respiratory failure. Loss of extracellular ions (i.e., Na + and Cl -) has been recognized as a major response in fish to acidic stress (Wood 1989) . With respect to invertebrate organisms, similar responses have been reported in crayfish (McMahon & Stuart 1989 , Jensen & Malte 1990 ) and molluscs (Pynnönen 1991) . In spite of the numerous papers reporting detrimentral effects of acidification on invertebrate communities, surprisingly few studies have been carried out on the ecophysiology of smaller acid-sensitive macroinvertebrate species. Although some studies have clearly shown a loss of ion concentrations in invertebrates exposed to acidic waters, most have been performed with moderately acid-sensitive species (e.g., Corixia dentipes, C. punctata: Vangenechten et al. 1989 ) and/or organisms exposed to non-realistic concentrations of aluminum (e.g., up to 30 mg l -1 : Rockwood & Coler 1991) . Moreover, similar results have been obtained with pooled samples of hemolymph or from whole body analyses (Hermann 1987 , Havens 1992 . Impairment of respiratory function has also been reported in acid-sensitive species of fish (Laitinen & Valtonen 1995) and crayfish (Patterson & DeFur 1988) . According to these authors, the hyperventilatory response observed during the first hours of acid stress served to increase O 2 delivery and CO 2 removal from the respiratory surface.
In conclusion, this preliminary study indicated that the disappearance of small acid-sensitive species such as amphipods probably results from ion-regulatory and respiratory failure which can be easily and rapidly assessed by simple hemolymph sampling and pleopod beat counting. Fig. 3 . Mean (± SD) number of pleopod beats min -1 in Gammarus fossarum exposed to circumneutral (c) and acidic water (ac). Matrix gives the significance of statistical comparisons (Mann-Whitney test); n.s.: non significant
